Microsatellite marker development -The GS FLX Titanium Rapid Library Preparation Kit and the GS Junior Titanium Sequencing Kit (Roche 454 Life Sciences, Branford, Connecticut, USA) were used to generate a shotgun library of genomic DNA and sequencing on the Roche GS Junior 454 System (Roche 454 Life Sciences). The 454 pyrosequencing yielded a total of 56,545 sequence reads ranging from 40 to 1195 bp with an average length of 476 bp.
To obtain a larger number of polymorphic markers, we additionally developed and sequenced a microsatellite-enriched library. Size-selected genomic DNA fragments were enriched for microsatellite content by using magnetic streptavidin beads and biotin-labeled GATA, GTAT, AAAC, and AAAG repeat oligonucleotides. The enriched library was prepared and analyzed on a Roche 454 platform using the GS FLX Titanium reagents according to the manufacturer's manual. This produced 14,467 sequence reads ranging from 80 to 550 bp with an average length of 459 bp. The authors would like to thank H. Fleischer-Notter and S. Trotzer for technical assistance. We also thank S. Mbedi and the Berlin Center for Genomics in Biodiversity Research (BeGenDiv) for performing the 454 pyrosequencing. The work was fi nanced by the Federal Agency for Nature Conservation (BfN) as part of the project "Integration of ex situ and in situ measures for the conservation of endangered fl owering plants in Germany." This is publication number 007 of BeGenDiv. • Conclusions: This set of microsatellite markers is the fi rst one described for A. montana and will facilitate conservation genetic applications as well as the understanding of phylogeographic patterns in this species.
Key words: Arnica montana ; microsatellites; population genetics; pyrosequencing. Microsatellite screening -The screening of the generated DNA sequences from the nonenriched shotgun library for microsatellite loci and the design of oligonucleotide PCR primers was conducted with QDD software version 2.1 ( Meglecz et al., 2010 ) . A total of 1197 microsatellite loci, containing di-, tri-, tetra-, penta-, and hexanucleotide repeat motifs, with a GC content of 35-60% and a melting temperature ( T m ) ranging from 57 ° C to 60 ° C were identifi ed. A total of 60 microsatellite loci with at least fi ve repeats, including six loci with hexanucleotide repeats, two loci with pentanucleotide repeats, three loci with tetranucleotide repeats, 35 loci with trinucleotide repeats, and 14 loci with dinucleotide repeats, were tested for proper PCR amplifi cation using genomic DNA.
The sequences obtained with the enriched library contained 676 sequences with microsatellite inserts. Using a Primer3-based ( Koressaar and Remm, 2007 ; Untergasser et al., 2012 ) custom-made software (property of Ecogenics, Zurich, Switzerland), 361 reads were suitable for designing primers with a GC content of 20-80% and a T m ranging from 57 ° C to 63 ° C. Of these loci, 24 were selected for screening. All of the selected loci had at least six repeat units in the case of tri-and tetranucleotide repeat motifs or at least 10 repeat units in the case of dinucleotide repeat motifs.
For assessing optimal annealing temperatures, a gradient PCR with annealing temperatures varying between 53 ° C and 63 ° C was carried out for each primer pair in a 15.6-μ L reaction volume containing 20-40 ng DNA, 0.16 μ M of each forward and reverse primer (Eurofi ns MWG Operon, Ebersberg, Germany), 1 × TaqBuffer S (PeqLab), 1.5 mM MgCl 2 , 0.25 mM of each dNTP, and 0.03 units Hot Taq polymerase (PeqLab). For all primer pairs, the temperature profi le of the PCR was as follows: 95 ° C for 1 min; 30 cycles of 94 ° C for 1 min, 58 ° C ± 5 ° C for 1 min, and 72 ° C for 1 min; plus a fi nal extension of 72 ° C for 7 min. Amplifi cation of PCR was evaluated by visual inspection of gel electrophoresis.
For assessing polymorphism of the microsatellite markers, genomic DNA templates from 25 A. montana specimens of fi ve distinct populations were used (fi ve specimens per population; Appendix 1). PCR amplifi cation was performed using forward primers labeled with fl uorescent dyes (FAM, YakimaYellow, ATTO 565, and ATTO 550) and reverse primers (Armo01-Armo03) with a 7-bp (GTTTCTT) extension at the 5 ′ -end to reduce stutter bands ("PIG-tailing"; Brownstein et al., 1996 ) . The PCR products were sent to Macrogen Europe (Amsterdam, The Netherlands) for fragment analysis on an ABI 3730 sequencer.
Of 60 markers that were tested, only three markers turned out to be polymorphic: Armo01, Armo02, and Armo03 ( Table 1 ) . The remaining microsatellite markers were either monomorphic, failed to amplify consistently, or were diffi cult to score unambiguously.
Of 24 selected candidate primer pairs from the microsatellite-enriched library, 11 (Arm01-Arm11) were found to be polymorphic, with at least four alleles per locus ( Table 1 ) .
Microsatellite marker data analysis -Genotypes were scored by analyzing the electropherograms from the fragment analysis using GeneMarker version 1.95 (SoftGenetics, State College, Pennsylvania, USA). The fragments were scored relative to a GeneScan 500 LIZ Size Standard (Applied Biosystems, Carlsbad, California, USA). Descriptive statistics (number of alleles, observed and expected heterozygosities) were calculated with GenAlEx 6.5 ( Peakall and Smouse, 2006 ) . All 14 loci were polymorphic with four to 11 alleles across 25 individuals from fi ve different populations with a total number of 102 alleles.
Observed heterozygosity values ranged from 0.200 to 0.880 and expected heterozygosity from 0.192 to 0.648. Linkage disequilibrium was tested using GENEPOP ( Raymond and Rousset, 1995 ) , and the test revealed no signifi cant association between the loci. CERVUS 3.0 ( Marshall et al., 1998 ) was used to calculate the polymorphism information content (PIC) ( Table 2 ) and deviations from Hardy-Weinberg equilibrium. Three loci (Arm04, Arm07, and Arm10) signifi cantly deviated from Hardy-Weinberg equilibrium after Bonferroni correction.
CONCLUSIONS
The 14 microsatellite markers reported in this study, developed using both enriched and nonenriched DNA libraries, are highly polymorphic with allele numbers ranging between four and 11. These markers will provide a valuable tool for genetic studies on large-scale and fi ne-scale population genetic structure, as well as on levels of inbreeding in A. montana . This study also demonstrates that the use of microsatelliteenriched DNA libraries allows a more effi cient development of microsatellite loci as shown before ( Lepais and Bacles, 2011 ) .
LITERATURE CITED

